INTRODUCTION
T he rapid and substantial growth of professional surfing worldwide has resulted in an increase in the attention given to the physical preparation of such athletes (29, 56, 58) . To date, however, there is limited research that has examined the physical demands of surfing (30, 55, 56, 79) . Current performance analysis studies indicate that surfing typically involves prolonged periods of paddling, potentially against currents when moving to different locations, as well as remaining stationary while recovering or waiting for a suitable wave (29, 50) . Professional surfers may compete in up to 4, 20-to 40-minute heats within a single day (30, 57, 79) , paddling approximately 1 km during a 20-minute competition heat (30) . In addition to these prolonged periods of submaximal exercise, surfers are also required to perform short powerful bursts of paddling (4-5 seconds) to gain enough momentum for the wave take-off (30, 55, 57, 79) . Within the current literature, it has been reported that these repeated high-intensity intermittent bouts of paddling (61% performed between 1 and 10 seconds) are interspersed with short periods of recovery (64% between 1 and 10 seconds), resulting in moderate (140 b$min 21 ) to high (190 b$min 21 ) heart rates (HR) (30, 57, 79) . These physiological demands of surfing are further increased by intermittent (2-4 seconds) breath holding during the duck diving process under advancing broken waves and during wave hold-downs (48) (49) (50) (51) (52) (55) (56) (57) (58) .
Competitive surfing takes place under a variety of conditions and as a result, various factors are likely to influence the physiological demands of the sport. Such factors include weather, water/air temperature, type of break/ wave, geographic location, swell, and tides (30, 50, 55, 57, 79) . These factors including the range of physical demands require surfing athletes to have high muscular endurance and anaerobic power of the upper torso, excellent cardiorespiratory fitness, and the ability to recover rapidly (50, 51) . The aerobic energy system is important during the continuous submaximal paddling and repeated high-intensity efforts (29, 50, 52) . Anaerobic power is required primarily for burst sprint paddling to produce momentum for catching the wave (50, 55, 57) and during longer sprint paddles (,30 seconds), such as paddling out for a wave or during a priority battle with a fellow competitor. Within professional surfing, the surfer with priority has the unconditional right of way to catch any wave they choose, with priority lost once they catch a wave and/or a surfer paddles for but misses a wave (95) .
Although it is clear that various physiological factors are likely to be important for surfing success, the most valid methods or protocols to assess the physiological function of such athletes are currently not well understood. Developing best practice for the assessment of physiological characteristics of surfers will aid in the identification, preparation, and advancement of professional surfers. To this end, this review includes research investigating surfing-related testing protocols to improve understanding of methods that can be used for the assessment of anaerobic and aerobic fitness profiling of surfers. Tests used to determine anaerobic power output, sprint paddle speed, and aerobic characteristics are included, with reference to the implications and reliability of different protocols and the physiological profiling of surfers.
ANAEROBIC FITNESS
Physiological responses to different forms of paddling and stressful scenarios (e.g., wave hold-downs) in surfing ultimately depend on the body's ability to supply adenosine triphosphate (ATP) from the various metabolic pathways (i.e., ATPphosphocreatine [PCr], glycolytic and oxidative system) (34, 66, 94) . ATP production during shortduration sprinting is provided by considerable contributions from both PCr degradation and anaerobic glycolysis (85) . Because of the amount of intermittent paddling (42-54% of total surf time spent paddling (12, 30, 55, 57, 81) between 16 and 30 seconds (30, 55, 57) ) and short sprint bouts involved in surfing, surfers are likely to rely heavily on anaerobic glycolysis (using glucose and glycogen as a fuel in the absence of oxygen). After the initial 10 seconds of intense paddling, the demands on glycolysis escalate rapidly. This corresponds to a drop in power output (peak power is obtained during 2-10 seconds of intense activity) as the initially available fast-burning phosphates (ATP and PCr) deplete as seen in running and cycling (1, 15, 33) . Failure to supply sufficient ATP to the muscles associated with paddling (e.g., deltoids, subscapularis, triceps brachii, latissimus dorsi, and trapezius), compounded with a reduction of energy stores through muscle and liver glycogen, blood glucose and PCr (22, 94) will likely cause decrements in performance (1) . This rapid glucose breakdown will result in an increased production of lactic acid.
Although recent research suggests that the generation of lactic acid does not impair skeletal muscle function or efficiency (8, 17, 92) , it is associated with high anaerobic demand (86) . The high contribution of anaerobic metabolism during intermittent sprint bouts (16, 32, 54) results in increased reliance on aerobic metabolism and reduced capacity for explosive anaerobic movements. Furthermore, the sprint paddle duration will alter the relative energy system contribution during repeatedsprint exercise (i.e., contribution of the aerobic metabolic system in longer bouts) (85) . Clearly, assessment of physiological capacity of surfers and response to various surfing activities to gain a clearer understanding of the metabolic systems used during such dynamic intermittent exercise is needed. The sections below provide details on the current research outlining anaerobic power testing, poolbased testing and aerobic fitness testing as they relate to surfing.
ROLE OF ANAEROBIC POWER IN SURFING
Anaerobic power is an important determinant of surfing success because it is required in the development of fast and powerful strokes to help position the board and/or increase speed to catch a wave (50, 55, 57) . Indeed, it has been found that 4-5 powerful strokes are required to gain the necessary momentum to catch a wave, which is performed approximately 13 times during a 20-minute heat (30) , therefore highlighting the importance of the anaerobic energy system. Surfers' sprint paddling ability is also critical for out-paddling opponents and thus obtaining and maintaining a positional advantage in the surf (83) . Professional surfers lacking upper-body paddling power to catch the wave will likely hinder their scoring chances because of not being able to enter the wave with speed and commit to "catch" waves at a crucial take-off point (higher risk to fall from having to stand up quickly); commitment is part of the judging criteria (5) . Therefore, with a higher entry speed, the surfer can generate board speed quickly, thus allowing them to execute the first maneuvers in the most critical section of the wave with greater speed and power to maximize scoring potential (82) . Although a number of studies indicate that anaerobic power is likely to be an important determinant of surfing performance (29, 49, 50, 55, 57) , anaerobic characteristics of surfers have only recently been examined (29, 49, 79, 82, 83) .
Research into anaerobic characteristics may include measurements of metabolic responses to exercise (e.g., maximal levels of oxygen deficit, oxygen debt and blood lactate [BLa]) and/or investigating actual physical performance (e.g., sprinting/repeat sprint ability, stairrunning, vertical jump, and peak/ mean power output). In addition, tests can take place in a laboratory setting (e.g., ergometer-based tests and isokinetic tests) or implemented within the field (e.g., sprints on the track and pool-based sprints) (18) . Currently, research specifically measuring the anaerobic power output of surfers has been conducted within a laboratory setting using ergometers (29, 49, 63, 88) as well as speed and peak velocities within field-based pool testing (49, 79, 82, 83) .
Within a gym environment, 2 upperbody relative strength tests related to paddling ability in surfers are measured by the pronated pull-up and dip (23, 82) . The 1 repetition maximum pull-up and dip have been reported to have high reliability (intraclass correlation coefficient [ICC] 0.96-0.99) and a smallest worthwhile change of 3% in relative pull-up strength and 4% in relative dip strength, respectively. During such testing, it has been documented that associations were found between upper-body pulling strength relative to body mass and sprint paddling time in the pool to 5, 10, and 15 m (r 5 0.94, 0.93, and 0.88, respectively) and peak sprint paddling velocity (r 5 0.66) (82) . Although no differences were found in anthropometric measures between groups of faster and slower sprint paddlers, relative upper-body pulling strength was found to be superior (p 5 0.05) in the faster group, with large effect (d 5 1.88) (82). Therefore, strength and conditioning coaches can use such protocols to examine possible differences between higher and lower performers and correlations with performance measures in a sport (23) .
ANAEROBIC FITNESS TESTING
Ergometer-based testing. To examine physiological responses to anaerobic work, athletes are often assessed using laboratory-based ergometer testing protocols. Ergometer testing allows for environmental conditions to be easily controlled and other physiological/metabolic variables to be easily assessed. Studies involving land-based (e.g., running and cycling) activity have typically used a cycle ergometer for testing (25, 39) ; however, this does not demonstrate upper-body endurance/power output. One method of assessing the physiological characteristics of upper-body-dominated sports (e.g., swimming) is to measure the athlete's paddling power output. A number of procedures have been established and used to assess maximal upper-body anaerobic power output in paddling-based sports, including bench swimming (36, 41, 48, 63, 73, 88) , arm cranking (9,35,59,84,89), modified kayak ergometer paddling (29) , and custom-made ergometer grinding (70) .
Studies using these ergometer-based methods have determined the testretest reliability of upper-body anaerobic power (9, 35, 59, 70, 84, 89) . Reliability measures of testing methods are important in determining whether the values being reported are consistent and produce matching or similar (within a rational means) results when repeated (test-retest). The reliability results of a test determine whether the results from testing within the study yield the same results on repeated trials without individuals' subjective influence or equipment function hindering performance variables being measured. Surfing-specific studies have assessed the reliability of maximal and mean power output during ergometer paddling (49, 63, 88) and modified ergometer paddling (29) . These studies have found that both peak (highest value reported during testing) and mean power outputs (mean power generated between testing) are generally reliable measures of performance with a high reliability (coefficient of variation [CV] , 7.3% and ICC . 0.97) both within (29) and between days (49,88) during a 30-second simulated swim (88), 60 second paddle test (63) and a 10-second burst (29, 49) .
Although studies have determined ergometer paddling to be reliable in measuring performances, no studies have reported on the validity of such tests. A considerably higher power output has been found in competitive state junior surfers (348 6 78 W) (49) compared with nationally ranked surfers (205 6 54 W) (29) . Such diverse results in power from the different levels of athletes may question the validity of these tests; however, it should be noted that it is difficult to compare between these two aforementioned studies. The two surfing studies were performed on different ergometers, Vasa Swim Ergometer (49) , and a modified Dansprint kayak ergometer (29) (Figure 1 ), with different surfboard paddling setups and resistances, which likely contributed to these discrepancies. However, the two studies incorporated the same testing procedure, recording anaerobic power during 6, 10-second maximal-intensity paddle bouts, using the highest resistance setting on each ergometer, respectively. It was noted that a lighter resistance resulted in a lower peak power output reported from heavier (.80 kg) compared with lighter athletes (,80 kg) (49) . These findings indicate the importance of power output being reported in relation to body weight of each individual (watts per kilogram). Indeed, it was found that a significant relationship existed between the ranking of national-level surfers and anaerobic peak power output (watts per kilogram) (29) . Although anthropometric variables of competitive surfers and rank have been reported as not significant (p . 0.05) (10, 50) , male professional surfers exhibiting optimized muscularity while Testing Surfers' Anaerobic and Aerobic Fitness VOLUME 38 | NUMBER 5 | OCTOBER 2016 maintaining a relatively low body mass index are suggested to be favored (10) .
However, ratio scaling (dividing the performance variable of interest by body mass) as such tends to favor lighter athletes because it assumes a linear relationship between body size and performance, thereby potentially penalizing heavier athletes (7, 40, 65, 90) . The use of allometric scaling however has been suggested as a statistically tenable alternative to ratio scaling by appropriately accounting for body size differences in relation to the physiological variable/s for normalizing power in elite athletes when body size is a confounding variable (19, 24, 90) . Indeed, allometric scaling has been found to create an adjusted performance measure from the testing variable that retains no correlation with body size and therefore provides a better insight to an individual or group when comparing scaled results. When investigating the allometric or power output relationship, it is essential to verify that the residual errors following log transformation of power and mass are constant or show homoscedasticity (91) . Allometric scaling however has not been used within surfing literature to date. Implementation of this method could be applied within future research investigating such performance measures within a range of different surf athletes.
The paddling power output measures recorded can also serve as an indication of a surfer's maximal-intensity exercise capability, thus potentially establishing normative values for varying standards of surfing ability (49) . In addition, coaches can test for training-/detraining-induced changes in paddling power output. However, given the limited research examining validity and reliability of these tests, there is no known information detailing the smallest worthwhile change in performance during ergometery testing in surfers (49) . Therefore, further assessment of the accuracy, performance changes, and validity of testing methods is warranted, especially when equipment is modified to assess performance outside the ergometer's designed use.
As a final point, research that directly compares maximal anaerobic power output produced during ergometer testing with on-water paddling speed or power output has not been investigated. This highlights an important gap in the research. Indeed, it is likely that the kinetics and movement kinematics of laboratory-based ergometer paddling are likely to differ from actual surfboard paddling in the water (28) .
Pool-based testing. Given the nature of the sport, pool-based testing may seem more realistic and appropriate for the assessment of surfing performance. A benefit of pool-based testing when compared with ergometer testing is that it may better replicate the physical demands of actual paddling. Indeed, it has been shown that paddling with both arms and legs is faster (0.16 6 0.11 m$s 21 ) than paddling with arms alone (49) , which highlights the importance of power output from both the upper body and lower body during maximal surfboard paddling. Furthermore, it has been reported that pool-based surfboard sprint paddling can discriminate between the level of surfing ability based on sprint paddle speeds and peak velocities (79, 82, 83) .
One of the more favorable methodologies when examining anaerobic performance and force exerted within swimming studies is through tethered swimming (3, 4, 61, 62, 64, 75) . This sport-specific test involves swimmers paddling, with a cabled belt attached around their waist providing horizontal resistance so that the swimmer remains stationary. Once the athlete begins swimming with the cable fully extended, data are collected after the first stroke cycle, with the force exerted on the cable measured by a load cell (3). This method of testing has been shown to be a valid and reliable way to measure power output (4, 75) , with mean force calculated from the test suggested to be the best predictor of swimming performance, across all swim strokes and distances (61, 64) . Although studies have suggested that this method does not influence stroke and the physiological responses compared with free swimming (61), this has not been thoroughly examined. Indeed, it is plausible that a cable tied around a surfer's waist while lying prone on a surfboard could potentially cause discomfort; therefore, investigation into this method is warranted. Currently, pool-based testing for surfers is implemented with a horizontal position transducer clipped onto the surfer's swimwear when sprint paddling (49, 79, 80, 82, 83) . Future research is needed to compare tethered swimming and horizontal position transducer testing and determine differences in performance measures and whether one method is more favorable (practical, reliable, and valid) for testing surfing athletes.
The maximal sprint paddling performance in surfers has only recently been examined, with surfing athletes performing 10-s (49), 15-m (79, 80, 82, 83) , and 40-m (79) maximal sprint paddle efforts in a 25-m swimming pool on their own surfboard, using both arms and legs (49) or arms only (49, 79, 80, 82, 83) . During these studies, peak speeds reached during sprint efforts were recorded using a custom-made horizontal position transducer (SP5000, Applied Motion Research, Gold Coast, Australia) (49) at a displacement frequency of 0.01 m (Speed Probe; Applied Motion Research, Southport, Australia) (79) or 0.02 m (I-REX, Southport, Australia) (82, 83) . The pool-based testing has been indicated to be reliable (ICCs: r 5 0.99, p # 0.01) (49) , with the typical error of measurement (%TEM) for each distance segment reported as 4.4%, (5 m), 2.6% (10 m), between 1.1% (83) and 2.1% (82) for 15 m, with peak paddling velocity as 2.2% (82) . Therefore, such results to date indicate that the use of a horizontal position transducer to assess sprint paddle ability in surfers indeed offers high reliability and practicability.
Differences between studies in frequency of displacement recordings and time between the warm-up and performance test (2 minutes (82,83) compared with 3 minutes (79)) limit the extent to which results of these studies can be compared (Table 1) . However, there have been novel findings from these studies. Large significant differences have been identified between males and females for times to 5 m, 10 m, and 15 m, as well as for the maximum recorded velocity (80) . In addition, a relatively large difference was observed in peak sprint paddling velocity between the elite and competitive junior surfers (83) , suggesting appropriate discrimination between athletes and validity of the measurements. The times and peak velocities recorded from the recent studies provide valuable information into surfers' anaerobic paddle performance.
Preliminary research suggests that surfing athletes should be aiming to improve sprint paddle performance and paddling velocities, which would be a competitive advantage and warranted when paddling into bigger waves (29, 50, 55, 57) . Specifically, world tour competitive surfers should be aiming to paddle 5 m ,4 seconds, 10 m ,7.5 seconds, and 15 m ,10 seconds, with peak paddling velocities of 1.7 m$s 21 or higher (as presented in Table 1 ), specifically in surf conditions that may require faster paddling such as bigger, faster breaking waves. As a final point, it is possible that some athletes perform more explosive movements and require greater anaerobic capacity while surfing. However, this line of investigation has not yet been examined. Indeed, further research is required to determine the success and energy expenditure of various styles of surfing.
Summary. In conclusion, anaerobic fitness is an important factor in surfing performance, required for catching waves with high momentum, out-paddling opponents, and obtaining and maintaining positional dominance over fellow competitors. In addition, physiological attributes (e.g., ATP-PCr and glycolysis supply) may be important aspects of competitive surfing performance. However, research has only recently investigated anaerobic power output by ergometer testing (29, 49) and pool-based sprint paddle tests (79, 80, 82, 83) , with such methods exhibiting good test-retest reliability and corresponding indicators of performance (discriminate between competitive levels and surfing ability) suggest validity (29, 83) . Pool-based testing conversely has a number of limitations; whereby it is difficult or impractical to collect data on other physiological/ metabolic variables such as oxygen consumption, BLa, and HR measures. Physiological variables such as these would be useful when examining energy system utilization and adaptations to training. Furthermore, the ergometer testing methods also present limitations such as the power output compared with water paddling output, kinetics and movement kinematics, and practicality of the test. The limited number of studies on surfers' anaerobic fitness confounds our ability to draw concise conclusions. As such, further research is needed to draw clear conclusions on anaerobic fitness testing Testing Surfers' Anaerobic and Aerobic Fitness VOLUME 38 | NUMBER 5 | OCTOBER 2016 protocols and to better validate testing methods.
AEROBIC FITNESS
One of the key components of physical fitness is aerobic endurance and the ability to withstand moderate-high intensity exercise for prolonged periods (44) . During surfing, the majority of time is spent working at a submaximal level such as during the long paddling bouts encountered (50, 52) . Surfers can endure up to 3 minutes of strenuous work when paddling out through the breaking waves and then paddle across to the wave sets for another 40-50 seconds to get to the take-off zone (30) . These durations use the aerobic energy system because of the amount of time spent paddling and distances covered (1806 m per 20 minutes of heat) (30) . In addition, surfing involves repeated measures of low-intensity paddling, combined with intermittent highintensity bouts of sprint paddling intercalated with relatively short recovery periods (32% (81) to 64% (30) of total surf time spent between 1 and 10 seconds) and intermittent breath holding (30, 56) . As a result of these demands, aerobic capacity is likely to be an important determinant of performance in the sport (29) . Those with lower aerobic capacities are likely to fatigue quicker, whereas those with greater training and higher cardiorespiratory endurance are likely to demonstrate the ability to sustain prolonged total body exercise (93) .
BLa sampling is often used as an indicator of an athlete's index of endurance performance, intermittent exercise performance, and lactate threshold (16, 94) . Three studies to date (12, 48, 58) have reported on BLa measures in surfers from ergometer paddle testing. BLa concentration has been reported to be significantly greater (p # 0.05) in recreational juniors (2.4 mmol$L 21 ) than that in competitive junior surfers (1.6 mmol$L 21 ) during submaximal paddling (48) . Furthermore, higher peak values have also been reported for regional level competitive surfers (8.0 6 0.83 mmol$L 21 ) over higher competitive-level surfers (7.5 6 1.3 mmol$L 21 ) and recreational junior surfers (8.2 6 2.7 mmol$L 21 ) over competitive juniors (6.8 6 1.1 mmol$L 21 ) after testing (48) . These results may suggest that those with a lower level of surfing ability have a lower threshold level, thus not being able to quickly clear lactate that has already been produced.
It has been suggested that surfers of a higher competitive level with a higher lactate threshold may endure demands of surfing better than lower competitive-level athletes, and as such, delay fatigue-induced impairments in fine motor skills (58) . Indeed, it has been reported that competitive surfers had significantly (p 5 0.01) higher BLa threshold over lower-level competitive surfers (58) working at a higher exercise intensity at a blood concentration of 4 mmol$L 21 . Furthermore, the lactate threshold also correlated (p 5 0.03) with end of year surfing rank (58) . Such results highlight that surfers who are more successful may have the ability to clear lactate quicker, produce lactate at a slower rate, and tolerate a higher workload. However, further physiological studies and BLa sampling within surfing is needed to support this suggestion. Moreover, determinants of a successful endurance athlete include a high VȮ 2 max, the ability to delay the onset of excess lactate production, and the ability to quickly clear lactate that has already been produced (2, 43, 94) . Therefore, it is feasible that surf athletes who have greater endurance may withstand high anaerobic demands better, thus producing greater force, maintaining higher workload levels, and fatiguing at a slower rate compared with athletes who do not. This physiological advantage may provide a competitive advantage by allowing for out-paddling competitors, setting up for a prime take-off position in the wave, and the ability to catch more waves due to slower fatigue rates.
AEROBIC TESTING
The aerobic energy system is the primary method of energy production during endurance events, requiring oxidative production of ATP through the mitochondria. Because of the body storing limited oxygen, the amount of oxygen that enters the blood and passes through the lungs is directly proportional to the amount used by the tissues for oxidative metabolism (94) . From this process, measuring the amount of oxygen consumed can provide an indication of aerobic energy production. Maximum oxygen uptake (VȮ 2 max) is widely recognized as one of the best measures of aerobic capacity (26, 37, 46, 94) . Typically, a plateau in oxygen consumption within the increased workload during a maximal exercise test is the criterion used for determining attainment of VȮ 2 max (26, 37) . The VȮ 2 max value is a direct indicator of the ability to supply energy for muscle contractions during aerobic exercise (42) and is the measurement of the greatest amount of oxygen that a person can receive and spend during 1 minute of exercise (53) .
Ergometer-based aerobic fitness testing. The first surf-specific study investigating VȮ 2 max of competitive surfers was implemented by assessing athletes using the Astrand-Ryhming nomogram (predict VȮ 2 max from HR response) on a bicycle ergometer, with results demonstrating an average VȮ 2 max of 70.2 6 10.7 mL$kg 21 $min 21 (52) . However, caution is needed when interpreting these values, especially given testing procedures were not relevant to the sport of surfing (i.e., cycle ergometry). The estimated VȮ 2 max values reported were unusually high compared with other main stream sports that require a substantial aerobic capacity (e.g., middle and long distance running 72 mL$kg 21 Because of the amount of paddling performed in surfing, it may be more relevant and realistic to use arm-only exercise testing to measure VȮ 2 max in surfers. There are large differences between VȮ 2 max values produced by tests involving exercise with just arms or just legs (i.e., cycle). Indeed, it has been reported that arm-only exercise testing generally provides values that represent 70% of the VȮ 2 max values produced by leg-only tests (78) . Since the original surf study, various laboratory protocols (tethered board paddling, prone hand cranking, and treadmill running) have been used to determine the most suitable test to measure VȮ 2 peak (highest value of VȮ 2 attained during testing) values in surfers (51) . Findings suggested that hand cranking is a valid aerobic test and is safer and easier to implement compared with other protocols (51) . However, the hand-cranking test performed had participants paddling while strapped at the chest, waist, and thighs to a bench using a modified cycle ergometer. Such testing may alter the kinetics and movement kinematics different to those seen during actual surf paddling, which warrants further investigation.
More recent studies have further investigated swim bench ergometery to measure surfers' peak oxygen consumption (12, 48, 55) . Two similar studies (12,55) used a protocol that included incremental workloads starting at 25 W and 20 W, respectively, and increased by a further 25 to 20 W, respectively, each minute, until maximal voluntary exhaustion. Similarly, Loveless and Minahan (48) used an incremental paddling test that consisted of 4, 3-minute constant load work stages (10%, 15%, 20%, and 25% of peak power achieved from a 10-second pool test), followed by a ramp increase in power output of 20 W per 30 seconds until exhaustion. No significant differences (p 5 0.39) were reported between the recreational and competitive surfers for peak oxygen uptake (VȮ 2 peak) (48) . Although these studies were implemented using similar equipment, direct comparison between these three studies is difficult given the testing protocol variations. Three other surf studies (11, 29, 58) used a continuous incremental land-based board paddling test to determine specific VȮ 2 peak. These studies used a modified windbraked kayak ergometer with a surfboard fitted and fixed at the rails, allowing subjects to adopt a prone position and simulate surfboard arm paddling by pulling alternately on hand paddles (29,58) ( Figure 1) (48) , these studies also reported no statistically significant differences between VȮ 2 peak achieved by surfers of different competitive levels (p 5 0.77) (58) , nor correlations between the VȮ 2 peak and end of year season rank (r 5 20.14, p 5 0.64) (58), (r 5 20.02, p 5 0.97) (29), and national rank (r 5 20.405, p 5 0.097) (11) .
As ergometer-based studies have shown no significant differences between the VȮ 2 peak level of surfers in different competitive levels or correlations with season rank and VȮ 2 peak, it seems VȮ 2 peak levels of surfers are not a discriminating measure of surfing performance. However, it is plausible that a certain aerobic level is still required for the sport given the aerobically stressful scenarios surfers encounter as demonstrated in Table 2 , through a comparison of aerobic fitness values in male surfers.
Influences of surfing and variables accountable for V̇O 2 peak values.
Although no significant differences have been reported previously between competitive-level surfers, there seems to be a difference between competitive and recreational surfers ( Table 2) , which may warrant further investigation. This may be of particular interest to coaches, given that the higher level of aerobic fitness may be attributed to the number of surfing hours performed each day per week. Moreover, it has been suggested that the similar VȮ 2peak values achieved by surfers of different competitive levels may reflect similar training volumes (surfing-specific training 18 hours a week (31, 48) and approximately 4 hours land-based training (31) ) and therefore, the development of similar physiological adaptations regardless of competitive level (58) . In other words, it may be suggested that the VȮ 2 peak values reported are likely to be the outcomes of surfing practice (56) , which in other sports (e.g., soccer and rugby codes) would be considered routine training/ skill practice, but because of the nature of surfing, athletes may not consider surfing as specific training. Furthermore, the physiological adaptations to surfing practice related to the predominant local surfing conditions and environment (i.e., size and power of waves, type of waves, typical swell regularity and period of swell between sets, water temperature, and weather elements) may cause variations in the physiological adaptations that occur as a result of surfing practice (51, 56) . This may in turn influence the VȮ 2 peak values achieved. For example, it is likely that surfing at a point break (surf wraps around a headland running perpendicular to shore) with a longer swell period (time between waves) and moderate wave size and power would tax the metabolic system to a lesser extent as opposed to an exposed beach break with prominent ground swell, strong currents, and shorter swell periods. This difference is due to the beach break requiring more time spent paddling, paddling at a faster rate to get beyond the breaking waves, and increased duck diving through waves; all of which tax the aerobic system.
Testing implications on results. Interestingly, since the first surfing study, surfers' VȮ 2 peak levels reported from more recent studies have considerably decreased ( Table 2 ). It is likely that differences in VȮ 2 peak values reported Testing Surfers' Anaerobic and Aerobic Fitness VOLUME 38 | NUMBER 5 | OCTOBER 2016 from the earlier studies are due to methodological differences. For example, differences in the subjects, cardiorespiratory equipment, and ergometers used and variations in testing protocol, including the variations of the incremental ramp protocol, may have all affected the resulting VȮ 2 peak values. The incremental ramp protocols can influence the results recorded due to the difference in loads athletes are required to perform at, and the duration each load is performed for during testing (13) . Testing protocols with longer durations spent performing at each load increment ($3 minutes) will provide sufficient time for VȮ 2 to increase and plateau before starting the next workload. In contrast, protocols involving shorter durations spent at each load increment (,3 minutes) can lead to an increase in load before VȮ 2 has actually plateaued. Although such protocols do not normally affect the VȮ 2 max values produced (14, 72, 97) , it may alter the speed at which athletes attain VȮ 2 peak (13) . If protocols are too long (.12 minutes), surfers may experience considerable fatigue, resulting in VȮ 2 peak values that are lower than normal (96) . However, if protocols are too short (.7 minutes), they will not allow sufficient time for VȮ 2 to increase, consequently such protocols become anaerobic tests, partially so with recreational athletes (6) .
The power output that these incremental tests are set at will also dictate VȮ 2 peak results. It has been reported that during 2 graded cycling tests, Pmax (lowest power output that coincided with the initial plateau in VȮ 2 max) and peak aerobic power were significantly lower (p , 0.05) during the 50 W per 3 minutes protocol compared with the 35 W per minute protocol (71) . The difference in power output and segment times also dictates the total workload required during a protocol, which was found to be significantly lower using Pmax values from the 35 W per minute stage (71) .
Protocols from surfing studies to date vary in workloads. Two similar studies (12,55) included incremental workloads starting at 25 W and 20 W, respectively, and increased by a further 25 to 20 W, respectively each minute, until maximal voluntary exhaustion. Whereas two other similar studies (48,58) used 4, 3-minute work stages at either 10%, 15%, 20%, and 25% of peak power achieved from 10-second pool test or 30, 45, 60, and 75 W, followed by a ramp increase in power output of 20 W per 30 seconds until exhaustion, or a maximal effort to volitional exhaustion after the fourth workload, respectively, which in comparison is a lot slower in terms of watts per increment (12, 55) . In comparison, Farley et al. (29) adopted an incremental ramp test starting at 20 W, followed by an increase in power output of 5 W every minute until volitional exhaustion, which equals the watts per stage as Mendez-Villanueva et al. (58) , and Barlow et al. (11) started at 20 W for 3 minutes, increasing power output by 10 W every 3 minutes until volitional exhaustion. Therefore, practitioners should be wary of the power outputs and durations when commencing such aerobic tests with surf athletes. Finally, differences in the paddling stroke and resistance used during the test would alter the onset of muscular fatigue and conceivably the VȮ 2 peak measured. For example, differences in muscle recruitment as a result of body positioning (simulated paddle vs. bike ergometer) during ergometer exercise has been reported to alter the hemodynamic and performance parameters during exercise (56) . In addition, the athletes preferred stroke rate may also be relevant. Therefore, the VȮ 2 peak values obtained during the varying arm paddle protocols would produce different results. Despite the participants adopting a prone position during the simulated paddle testing, it has been suggested that the VȮ 2 peak results (3.26 L$min 21 ) produced through ergometer surfboard paddling are 20% higher than those produced by an active young male population tested with seated arm ergometery (2.57 L$min 21 ) (56).
Pool-based aerobic testing. In contrast to the ergometer paddle testing traditionally implemented and confined within a laboratory, pool-based testing may offer more ecological validity, but has only recently been investigated. Currently, a pool-based aerobic test involving a timed 400-m endurance surfboard paddle (20-m up and back course, with participants completing a 1808 turn at each end, while lying prone on the surfboard) is being used as a discriminator of surfing performance, reflecting individual endurance surfboard paddling capabilities (83) . As such, it has been reported that elite junior surfers are faster over the 400-m (324 6 25 seconds) compared with the competitive juniors (360 6 18 seconds; p 5 0.08, d 5 0.9) (83) . Supporting this information, Farley et al. (28) reported that the 400-m paddling times and the average aerobic speeds were significantly faster (p , 0.01) in higher level competitive surfers (world championship tour, world qualifying series, and national selection team) compared with those in recreational surfers and those of a lower competitive level. Therefore, the 400-m endurance surf paddle test seems to provide greater context of validity (compared with ergometer testing, and assess physical qualities that relate to performance in surfing) and is more practical to implement as a field-based test to determine surf athletes' average aerobic speed and examine paddling endurance of surfers (28, 83) . Such performance results from testing can also be used for developing training programs.
It should be noted that there are currently no reliability measures for the 400-m time trial given the tiring nature of test-repeat, making it difficult to repeat to the same standard (83) . In addition, during the 400-m endurance paddle test, it is difficult to test for metabolic changes compared with the ease during an ergometer test in the laboratory. However, studies have implemented pool-based VȮ 2 max testing of swimmers (67, 68, 74, 76, 77) , so there is feasibility of doing such testing with a pool-based protocol for surfers.
It has been reported that the values of maximal oxygen consumption during pool-based testing are dependent on testing protocols, with the greatest value of V̇O 2 max occurring during whole-body swimming (3.23 L$min 21 ), over leg kicking (2.93 L$min 21 ) and arm stroke only (2.53 L$min 21 ) during swimming (68) . To measure the VȮ 2 max during swimming, 3 specified methods have been suggested: (a) direct measurement of VȮ 2 max using masks and a gas analyzer; (b) direct collection of expired air during tethered swimming; and (c) measurement of VȮ 2 max after swimming on the basis of expired air samples (21) . The first 2 methods are not sufficient because the use of equipment influenced the swimming technique and led to higher oxygen consumption. The third method has been suggested as the most practical. The testing involves analysis of the air samples collected when a participant exhales into a Douglas bag for 20 seconds immediately (no more than 1 second) after a maximal paced 400-m swim (swimmers are asked to take a breath and delay an exhalation at about 1 stroke before the end of the swim). It has been suggested that the results from this method in swimming were as objective and valid as other methods (60) . As such, this method has been implemented in other swimming-based studies (20, 69, 74, 76) , with appropriate procedures used to determine the levels of O 2 and CO 2 , with maximal oxygen consumption determined by the backward extrapolation method (47, 60, 76) . From these studies, it seems that pool-based testing of swimmers produces significantly higher VȮ 2 max values than the tests involving a hand ergometer (67) or a bicycle ergometer (77) . The higher results are likely due to the amount of muscle mass used during the swimming action, which is greater than that used in ergometer testing (42) . A valid point from this type of testing is that VȮ 2 max, the stroke length at submaximal speed, stroke index, and other parameters are the main predictors of success in the 400-m freestyle (38) . Perhaps researchers could investigate these variables and time to complete 400-m as discriminators of performance in surfers. Future studies could possibly implement a protocol involving the 400-m maximal surf paddle, using a Douglas bag for air analysis and compare athletes' testing sessions through relative value (milliliter per kilogram per minute) measures.
Summary. Aerobic fitness is essential for surfing given the aerobically stressful scenario surfers encounter. Such scenarios include long and intermittent paddling bouts and the ability to recover quickly from demanding tasks such as sprint paddle bouts, wave hold-downs, and repeated duck diving requiring breath holding under advancing broken waves (48) (49) (50) (51) (52) (55) (56) (57) (58) . To date, research investigating surfers' aerobic fitness provides an insight into the physiological characteristics of surfing athletes; however, such research is very limited and comparisons influenced by methodological discrepancies. Surfing-specific protocols such as tethered board paddling (51), arm cranking (51), swim bench ergometers (48, 49, 55) , and modified kayak ergometers (12, 29, 58) have been used to investigate peak or maximal aerobic capacity (VȮ 2 peak or VȮ 2 max). From these studies, it has been suggested that the aerobic fitness of surfers (38-56 mL$kg 21 $min 21 ) is comparable with that in other sports involving upper-body paddling, such as swimmers (50-70 mL$kg 21 $min 21 ) (45) and surf-life savers (40 mL$kg 21 $min 21 ) (63). However, the protocols used during these studies limit our ability to draw clear conclusions and comparisons due to differences in areas such as test protocols, subjects, and equipment. Interestingly, no significant correlations have been reported between competitive surfers' season ranking and their relative V̇O 2 peak values (29, 48, 58) , suggesting V̇O 2 peak is not a discriminating performance variable. However, it is still highly likely to be an important aspect given the values reported and characteristics of the sport.
Pool-based 400-m timed surfboard paddle testing has provided discriminatory data among competitive-level surfers, therefore, suggesting it is a more practical field-based test in determining endurance values (28, 83) . Yet such testing is limited by the practicability to adequately test metabolic changes. However, studies have implemented pool-based VȮ 2 max testing of swimmers (20, 60, 69, 74, 76) through the use of Douglas bags by determining levels of O 2 and CO 2 , with the VȮ 2 max determined by the backward extrapolation method (47, 60, 76) . As such, there is potential that this method could be used to measure metabolic changes/levels in surfing athletes while surfboard paddling in a swimming pool. Such a method may be warranted to further advance knowledge and testing protocols in this sport.
CONCLUSION
To date, research investigating surfers' aerobic and anaerobic fitness is very limited, particularly with competitive surfing athletes, which is surprising considering the suggested high metabolic demands of surfing. The variations in surfing studies indicate that physiological testing protocols are currently not well defined or established, hindering our ability to draw clear conclusions.
Anaerobic power, an important factor of the sport, especially during intermittent sprint bouts, has only recently been investigated through ergometer testing and more recently through pool-based sprints. These studies have suggested that the different protocols are reliable methods for recording anaerobic power and provide discriminatory data on athletic performance. It should be noted that kinetics and movement kinematics of ergometer testing are likely to be very different to those of actual surfboard paddling in the pool, accordingly more fieldbased testing is warranted. Pool-based testing thus far, however, has provided limited metabolic information, highlighting an additional area for further research. Specific upper-body physiological attributes (e.g., ATP-PCr and glycolysis supply) are an important aspect of competitive surfing performance. However, the examination of energy system utilization has been somewhat overlooked, with limited published information on this specific subject.
Current research on the aerobic fitness levels in surfers indicates that they possess a moderate-high aerobic level that is comparable with other athletic groups such as competitive swimmers and surf-life savers. Given that aerobic fitness is considered a fundamental requirement of the sport, it is interesting that there has been no significant correlation reported between the surfer's end of year season ranking and relative VȮ 2 peak values. Therefore, it can be suggested that VȮ 2 peak from competitive surfers is not a defining measure of surfing ability; however, a 400-m endurance paddle does provide discriminatory data among competitive-level surfers, reflecting individual endurance surfboard paddling capabilities. Therefore, aerobic capacity is an important requisite for surfing performance, given the reported prolonged moderate to high levels of aerobic fitness in surf athletes and the intermittent repeated paddling demands of the sport.
PRACTICAL APPLICATIONS
Providing that out-paddling an opponent to a wave, gaining priority, and withstanding the demands of constant paddling are of upmost importance; improvements of the upper-body muscular endurance and power should be implemented in surfers' training programs. Training muscular and metabolic systems would likely put these athletes at an advantage over those who do not train with adequate programs, therefore increasing chances of winning and furthering their professional career. With the importance and requirement for aerobic endurance paddling and anaerobic power in surfing, future research needs to be conducted to expand our knowledge on the physical demands of the sport and to validate appropriate testing/ training protocols. Recommendations for future research include investigating BLa through repeat sprint protocols and/or 15-m sprint tests. Investigating VȮ 2 max using the 400-m maximal surf paddle with a Douglas bag for air analysis and comparing athletes'/testing sessions through relative value (milliliter per kilogram per minute) measures, stroke length at submaximal speed, and time to complete the 400-m are ideas for future pool-based research. In addition, studies could investigate comparing the metabolic responses between studies using ergometer testing and pool-based testing. Furthermore, longitudinal studies examining the physiological/metabolic responses and adaptations to surf training in various surf conditions are recommended.
From a strength and conditioning perspective, coaches can implement the tests mentioned within the review as a battery of tests for investigating adaptations/detraining changes during training program for surfers. For example, the upper-body strength tests (23, 82) can be implemented on 1 day, with the pool-based sprint paddle trials (82) and the 400-m (83) endurance paddle used the following day, after adequate rest time between each test (i.e., 10-minute recovery) (82) . However, further research is required to better understand the effects of fatigue on performance during subsequent tests. Ergometer testing could be used as an alternative to 400-m endurance paddling or on a separate day for metabolic assessments. Little is known on the optimal implementation of these tests within a structured training program. However, clearly various tests within this article may be beneficial to coaches and athletes wishing to better understand the effects of a given training intervention on physiological function and performance. Likewise, the tests outlined in this review may also highlight physiological and performance characteristics of surfers that warrant attention or focus. Such data will assist coaches and athletes in the development of informed structured training programs for surfers.
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